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Localized surface plasmon resonanceWe report a systematic study of the localized surface plasmon resonance effects on the photoluminescence of
Er3+-doped tellurite glasses containing Silver or Gold nanoparticles. The Silver and Gold nanoparticles are
obtained by means of reduction of Ag ions (Ag+→Ag0) or Au ions (Au3+→Au0) during the melting process
followed by the formation of nanoparticles by heat treatment of the glasses. Absorption and photolumines-
cence spectra reveal particular features of the interaction between the metallic nanoparticles and Er3+
ions. The photoluminescence enhancement observed is due to dipole coupling of Silver nanoparticles with
the 4I13/2→ 4I15/2 Er3+ transition and Gold nanoparticles with the 2H11/2→ 4I13/2 (805 nm) and 4S3/2→ 4I13/2
(840 nm) Er3+ transitions. Such process is achieved via an efﬁcient coupling yielding an energy transfer from
the nanoparticles to the Er3+ ions, which is conﬁrmed from the theoretical spectra calculated through the
decay rate.
Crown Copyright © 2011 Published by Elsevier B.V. All rights reserved.1. Introduction
Tellurite glasses are of great interest because of their large optical
nonlinearity, high solubility of rare-earth ions, excellent transmission
in the visible and near infrared ranges of the electromagnetic spec-
trum, low phonon energy and large refractive index than other
oxide glasses. These characteristics make them promising candidates
for the development of lasers and optical ampliﬁers for optical tele-
communication [1–4]. Nevertheless, a practical limitation is the
small oscillator strength (Pstrength) of the 4f-transitions of rare-earth
ions [5], where losses can easily provoke de-excitation of different
excited levels resulting in a decrease of the emission intensity. An
alternative approach to minimize such disadvantage is to modify the
surroundings of Er3+ ions, e.g. by embedding of noble metal nanoparti-
cles (NPs), in order to produce a localized surface plasmon resonance
(LSPR) effect which can enhance the luminescence of Er3+ ions. The
effect of LSPR on the rare-earth ions photoluminescence strongly de-
pends on the separation distance (r) between the two entities, i.e. the
Er3+ ion and the NP. Hence, an optimal r will improve the efﬁciency
of the electric dipole coupling. In other words, the Pstrength will in-
crease if the electric local ﬁeld is enhanced [6], i.e. the NPs can alter
the transitions intensities and probabilities within the f electron
shell of the lanthanides into the glass matrix [7].
To maximize the luminescence intensity, the ratio between NPs
and Er3+ concentrations must be less than one. If the concentrationa).
11 Published by Elsevier B.V. All rigof NPs is higher than the Er3+ ions, the probability of multipoles for-
mation increases (Er3+:NPs), which can be extremely unfavorable for
the system, as already shown by simulation results [7]. Another is the
possibility of an increment of the quenching rate due to energy trans-
fer by the excited Er3+ ions to the surface of metallic NP. Therefore,
the concentration of Er3+ ions into the glass network must be greater
than that of the Silver NPs (SNPs) or Gold NPs (GNPs) [8]. In this
scenario, the controlled formation of metallic NPs embedded in
glass matrices is a challenge with promising applications [6,9,10].
In this work, we have compared the effects of GNPs and SNPs in-
corporation in Er3+-doped tellurite glasses and the coupling of opti-
cally active Er3+ ions with plasmon modes of the SNPs or GNPs. The
NPs effects on the Er3+ ions were studied through absorption and
luminescence spectroscopy and radiative lifetime measurement cor-
roborated by means of radiation decay simulations. Additionally, we
have described the nucleation effects on the NPs formation.
2. Experimental method
2.1. Sample preparation
The Er3+:(Ag/Au) tellurite glass samples of 5 g weight were prepared
according to the following stoichiometry: 75TeO2+15Na2O +7ZnO+
2GeO2+1Er2O3 (%mol) doped with 0.25 wt.% of AuCl3 or AgCl. Note
that the Er3+ ions concentration is higher than that of NPs. The
precursors are raw materials of high purity, mixed and melted in a
Platinum crucible for AuCl3 or Gold crucible for AgCl, into an electric
furnace at 750 °C for 2 h. Then, the melted batch was poured into a
steel mold and annealed at 300 °C for 2.5; 5.0; 7.5 and 10.0 h. Finally,hts reserved.
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sity of the glass samples was measured by the Archimedes method
using distilled water as immersion medium. The glass transition
temperature Tgwas determined by Differential Scanning Calorimetry
(DSC) at a heating rate of 10 °C/min.2.2. Structural characterization
The X-ray diffraction (XRD) equipment was a Rigaku-Rota Flex
mod. RU200B (at a wavelength of 1.5418 Å (Cu Kα)). Transmission
Electron Microscopy (TEM) photographs were shot by using a
Philips-CM120 microscope.2.3. Optical measurement
The absorbance spectra were obtained with a double-beam spec-
trophotometer (Lambda 900, Perkin-Elmer). The photoluminescence
spectra were recorded upon excitation with a diode laser (980 nm,
2.0 W) with an InGaAs detector and a Lock-in ampliﬁer. To measure
the 4I13/2 lifetime, the samples were irradiated with a 980 nm diode
laser and a 325 nm HeCd laser and the emission signal taken from
the oscilloscope (Tektronix TDS 380). The refractive index of the sam-
ples was measured with a Metricon equipment, employing the prism
coupling technique [11,12].3. Decay rate modiﬁcations versus emitter–nanoparticle separation
The photoluminescence enhancement (or quenching) is related
with r[6–8] and also to the NPs resonance wavelength (λp). Fig. 1
shows schematically the system emitter-NP. The NP and the Er3+
ion form an electric dipole, with potentials −V/2 and V/2, respec-
tively. When the separation d is varied by r, V is: E0 (d+r) [13].Fig. 1. Schematic representation of the system Er3+:NP. A monochromatic plane wave
with pump intensity (Ip) which is proportional to the pump wavelength λpump, induces
the following processes: (i) absorption of Er3+ ion, Ip, (ii) activation of NPs, due the
coupling Er3+:NP (transitions levels), I1ηLSPR (iii) NP transmitter, via electric dipole.
Such coupling depends on the coupling efﬁciencyηLSPR. Where I1 the intensity emission
of emitter, I2 the intensity emission of the NP, ηLSPR the efﬁciency of the energy transfer
(nonradiative) to LSPR modes. Equipotentials surface (electric dipole coupling) with
electric potentials −V/2 and V/2 for the NPs and the Er3+ ions respectively, →x
  ¼ r.Thus the maximum ﬁeld enhancement is reached at a distance
rmax between Er3+:NP. The radiative decay rate ΓR[7] is described by:
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There are two possible dipole orientations, parallel ΓR
// and perpen-
dicular ΓR⊥. ΓRREF refers to the radiative decay rate for the dipole located
in the embedding (non absorbing) medium in the absence of NPs; ψn
(x)=xjn(x), ζn(x)=xhn(1) are Bessel and Hankel functions, respec-
tively, an and bn are Mie scattering coefﬁcients of the spherical NP, l
is the angular mode number. Therefore the presence of NPs modiﬁes
the quantum efﬁciency η =ΓR / ( ΓR+ ΓNR) (where ΓNR is the nonra-
diative decay rate) in the dielectric host. This approach provides a
physical insight on the extent of radiative and nonradiative rate
decay enhancements which are intrinsically linked. It is observed
that resonant coupling of higher-order modes (l>1) is ineffective
to increase the quantum efﬁciency when the spheres are embedded
in a medium with a high refractive index [7].
The optical data of Ag and Au have been taken from Palik [14] for
these calculations. To carry out simulations, we have used the mea-
sured values of refractive index (n(λ)) of our samples, and the corre-
sponding ﬁt by using the Sellmeier equation [15].
4. Results
4.1. Transmission spectra and presence of localized surface plasmon
resonance
Due to the low concentration of AgCl/AuCl3 in the glass samples
(0.25 wt.%), it is not possible to detect the band related to the LSPR
of GNPs or SNPs (Fig. 2(a)). The absorption spectra exhibit several ab-
sorption bands in the visible region due to the presence of Er3+ ions
(mainly the transitions from the steady state to the 4S3/2, 2H11/2 and
4I9/2 levels), which may recover the Ag and Au plasmon bands. For
this reason, glass samples without Er2O3 were prepared keeping the
same amount of AgCl and AuCl3 in order to observe and measure
the plasmon wavelength (λp) for both metallic NPs in this glass ma-
trix. The corresponding absorption spectra are presented in Fig. 2(b)
with the absorption spectrum of an Er3+ doped glass sample without
NPs. In this way, the LSPR appears at around 498 and 810 nm, both for
5.0 and 10.0 h of annealing time (Fig. 2(b)) for the glass-SNPs (G-
SNPs) and glass-GNPs (G-GNPs), respectively. This value is within
the experimental error ~4% for the GNPs; however, for SNPs the
LSPR is observed at 498 nm, less than the calculated for 548 nm
(error ~9% for SNPs).
4.2. Up-conversion and luminescence spectra
Characteristic up-conversion and luminescence emissions of sam-
ples are shown in the region 780–870 nm (Fig. 3(a)–(b)), and
1460–1725 nm (Fig. 3(c)) respectively, pumped by a diode laser at
980 nm. Fig. 3(a) shows a quenching in the up-conversion spectra
and does not change the manifolds of 2H11/2→ 4I13/2 and 4S3/2→ 4I13/2
Er3+ transitions compared with the sample without SNP, see labels
(1) and (2). On the contrary, the samples containing GNPs (Fig. 3(b))
exhibit a large photoluminescence enhancement (by a factor of 75
for the G-GNPs-7.5 sample) in the same spectral range. Selection rules
of the two Er3+ transitions 2H11/2→ 4I13/2 (805 nm) and 4S3/2→ 4I13/2
(840 nm) are modiﬁed by GNPs if compared with SNPs (Fig. 3(a)).
Fig. 3(c) shows a photoluminescence quenching for the G-GNPs sample
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Fig. 2. (a) Absorption spectra of samples for 5.0 h of annealing time. The Plasmon band
is not observed because the amount of the NPs is not enough to originate a strong peak.
(b) Absorption spectra of the Er3+ ions free samples containing SNPs and GNPs
annealed for 5.0 and 10.0 h, respectively; and of the free metallic NPs glass doped with
Er3+ ions. Inset: respective plasmon band magniﬁcation for the samples containing
SNPs (upper picture) and GNPs (lower picture).
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of Fig. 3(a)–(c) are analyzed by the energy-levels diagram of Fig. 3(d).
4.3. Noble metal nanoparticles
The average size of the NPs was calculated by using the Scherrer's
relation on the X-ray diffraction peaks presented in Fig. 4. The G-SNPs
samples patterns present an elusive diffraction peak at 2θ=44.8±
0.4° which corresponds to the (hkl — 200) diffraction planes of Ag
crystals (JCPDS Card File No. 4-0783), see Fig. 4(a). Two diffrac-
tion peaks from the G-GNPs samples are shown in Fig. 4(b), at 2θ=
38.3±0.4° and 2θ=44.6±0.3°, which corresponds to the Au crystals
(111) and (200) diffraction planes, respectively (JCPDS Card File
No. 4-0784).
4.4. Radiative lifetime and radiation decay
The radiative lifetime for the 4I13/2 to 4I15/2 Er3+ transition was
measured for all samples pumped at 980 nm and 325 nm. The sample
without NPs yields 2.66 ms for 980 nm and 3.02 ms for 325 nm
(Fig. 5). Fig. 6 shows the η⊥ and η∥ data for the radiation decay withthe excitation wavelength (490 and 800 nm). Those curves were
obtained from the Eqs. (2) and (3).
5. Discussion
5.1. Optical spectra
It is well known that the LSPR is a free electrons oscillation of a
metallic particle, whose frequency of resonance is the plasmon fre-
quency ωp[6]. Such oscillations are caused by the interaction between
the incident radiation and the NPs, they depend on the composition
(Ag or Au), shape, size of the NPs and the dielectric medium contain-
ing them (in this case a tellurite glass).
Considering the excited Er3+ ions as emitters and NPs as nano-
antennas (receiver/transmitter), the electromagnetic interaction be-
tween Er3+:NP can consist in a coupling of the type:
→
PEr3þ :NP ¼ qeN′→x,
where →x
  ¼ r, q is the speciﬁc volume and N′ is the conduction elec-
trons density. Hence, there should be a critical distancewhere the lumi-
nescence enhancement is the largest, see Fig. 3. The determination of
rmax is very important for controlling the electric dipole coupling. This→PEr3þ :NP can produce signiﬁcant changes for the selection rules, and in
that case an enhancement or quenching of Er3+ transitions intensities
is observed [6]. These electric dipoles modify the local electric ﬁeld
without altering signiﬁcantly the Vcrys; nevertheless, Stark level degen-
eracies are changed, which is conﬁrmed from our experimental data
reported in Fig. 3(a)–(c). This is observed by: (i) a blue–or red- shift
and, (ii) an enhancement (or quenching) of the photoluminescence
spectra. In this case, the calculated values of r[26] are: 25±2 Å and
21±2 Å for G-GNPs and G-SNPs, respectively.
To explain in another way, the enhancement (or quenching) of
photoluminescence comes through the local electric ﬁeld change.
When a light beam irradiates the NPs, an oscillating electric ﬁeld is
created, causing a collective excitation of the conduction electrons.
Consequently, the change of local electric ﬁeld due to the presence
of the NPs is described as:
→
Eeff∝
→
E0E ωp;γ
 
[16], where γ is the damp-
ing of the resonance. This damping γ is the contribution of the con-
duction electrons and it can be described such as:
γ ¼ 1
τNP
¼ 1
τ0
þ 2 gsVF
D
ð3Þ
The term 1/τ0 is associated to the bulk electron scattering process
in the particle while the second term is a consequence of the quasi-
electron-free interaction with the surface of a sphere, where VF is
the Fermi velocity, and gs is the surface factor [17]. This last term,
which contains the NP size, can be interpreted as a limitation on the
mean-free path of the free electrons by the particle dimensions [6].
Thus, the magnitude of the quantum efﬁciency enhancement due to
resonant coupling with plasmon modes strongly depends on the
NPs shape and size. This explains the origin of the optimal diameter
(for spherical NP) for a quantum efﬁciency enhancement, Eq. (3),
see Fig. 1.
In another scenario, we can elucidate the enhancement (or quench-
ing) from the process of energy transfer as following: Er3+ emission
promotes energy transfers into a plasmonic mode, which can decay
nonradiatively by heat generation (Joule effect) or radiatively by releas-
ing energy that depends on the albedo of the NPs. We consider two
types of emission from a system of identical dipoles [18]:
I1∝Ipηpη0 ð4aÞ
I2∝I1η0ηLSPRQscatt ð4bÞ
where I1 is the intensity emission for a single emitter, I2 is the intensity
emission of the NP, Ip the pump intensity, ηp is the pump efﬁciency, η0 is
the internal quantum efﬁciency of the energy transfer, ηLSPR is the
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Fig. 3. Up-conversion spectra of Er+3:(Au/Ag) co-doped tellurite glasses annealed for different times, pumped with diode laser at 980 nm: in the range of 780 to 870 nm for the
samples G-SNPs-x (a) and G-GNPs-x (b). Photoluminescence spectra in the range 1460 to 1725 nm of the G-GNPs-x samples pumped at 980 nm (c). Illustration of the excited
state absorption (ESA) at 980 nm pump band (d). Ion excited to 4 F7/2 level by a pump photon relaxes nonradiatively (NR) to the 2H11/2 and 4S3/2 metastable states, these decay
radiatively to the 4I13/2 state, from which it absorbs additional pump photons. ET-1 and ET-2 represent the coupling between the GNPs and the Er3+ ions transitions. In this
sense, we can say that ET-1 is responsible for the quenching observed for the 4I13/2→ 4I15/2 transition.
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and the scattering efﬁciency of the plasmon at the emissionwavelength
Q scatt is:
Qscatt ¼ Q Rayð Þscatt ¼
8
3
ωp
4y4
ω2−ωp2
 2 þ 49 y6ωp4
ð5Þ
Here Qscatt(Ray) is the Rayleigh scattering [9] and, y=ωD/c, with c the
speed of light. Therefore the total intensity IT, can be written as
[18–19]:
IT ¼ I1 1−ηLSPR
 þ η0I2 ð6Þ
In this system (Er3+:NP), we consider I1 as the contribution from
the emitter dipole (Er3+ ions) uncoupled to the metal and I2 the plas-
mon enhanced emission from coupled dipoles. Fig. 1 serves to illus-
trate this effect.
Finally, we can obtain the following conditions: η02Qscatt(Ray)≥1, where
Qscatt
(Ray)(ω,D), i.e. the luminescence enhancement depends on the inci-
dent radiation frequency and the NP size. However, in this system the
incident radiation for the NP activation comes from the emitter dipole
(I1ηLSPR) and not from the pump radiation (Ip), Fig. 1. The coupling efﬁ-
ciency ηLSPR is deﬁned by: ηLSPR=ΓLSPR/(Γrad+Γnonrad+ΓLSPR), where:
ΓLSPR is the energy transfer rate to the LSPR mode [18,20].One can also explain qualitatively the mechanism of energy transfer
as follows: part of Ag/Au probably remains as ions, charged or neutral
dimmers ormultimers. Consequently, the contribution of the latter spe-
cies to the Er3+ luminescence enhancement (or quenching) and band
shape features could not be excluded [21]. Moreover, the insertion of
Ag/Au in the samples leads to slight modiﬁcation of the glass network
and of the Erbium local environment [11,22,23].
From the up-conversion and photoluminescence spectra (Fig. 3
(a)–(c)), we obtain the energy transfer pathways as indicated in Fig. 3
(d), where an ion in a metastable state (4I9/2→ 4I11/2 and 4I11/2→ 4I13/2
nonradiative transitions) can then be excited to the 2H11/2 level
through the absorption of a second ~800 nm photon on 4I13/2 level.
It can be seen that a ground-state absorption (GSA) transition fol-
lowed by an excited state absorption (ESA) transition require two
pump photons and produce one highly excited ion. In oxide glasses
such as the glasses under study here, the 2H11/2 terminal state for
this~800 nm ESA process usually quickly decays through the inter-
mediate levels up to the 4I13/2 state by multiphonon emission; the
net result being the conversion of the second pump photon into
heat [24]. In this case, GNPs favors this process, as shown in Fig. 3
(b) and (c), due to the proximity of the radiation wavelength with
the LSPR-Au wavelength (810 nm), i.e. λp~λ, see Fig. 2(b), conﬁrm-
ing a dependency only on the NPs size. The sample exhibiting the
highest emission intensity is G-GNP-7.5.
Fig. 2(a) of the Ref. [6] shows the luminescence enhancement (or
quenching) for the 4I13/2→ 4I15/2 transition pumped with a diode
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a luminescence enhancement due to the LSPR-Ag characteristic Q scatt(Ray)
(ω,D), see Table 1 for G-SNPs. This size dependence only permits a1 2 3 4 5 6 7 8 9 10 11
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Fig. 5. Measured lifetime for the Er3+ ions level 4I13/2, pumped at 980 and 325 nm for
G-GNPs-x and G-SNPs respectively. The lifetime is compared for all the samples with
the one of the sample free of NPs (dashed lines). Error bars to 5%.luminescence enhancement for the G-SNPs samples whose NPs size
range is 19.0bDb21.0 nm. On the other hand, Fig. 3(c) of the present
work shows a change in the selection rules when λpump=980 nm
(label 1 into Fig. 3(c)). This correction of the local ﬁeld has modiﬁed
the bandwidth of the Stark levels.
In this case (λpump=980 nm), we have Er3+ transitions (4S3/2→
4I15/2 and 2H11→ 4I13/2) via up-conversion, these emissions are near
the resonance modes of LSPR-Ag and LSPR-Au. Hence, a direct coupling
occurs between the excited states of Er3+ ions and the SNPs or GNPs.
Nevertheless, as it can be observed in Fig. 3(c), all the G-GNPs samples
exhibit a luminescence quenching in the optical telecommunication
window, contrary to the Er3+:SNPs coupling process. By contrast, the
G-GNPs-7.5 sample presents the highest luminescence enhancement
in the range from 800 to 840 nm, and a luminescence quenching in
the telecommunication window. This quenching can be attributed to
an energy transfer from the excited Er3+ ions to the GNPs (Fig. 3(d)),
which in turn dissipates this energy into heat. This heat dissipation
can give the thermal energy necessary for the 2H11/2 level population
from the 4S3/2 level, which, in turn, contributes to the 805 and 840 nm
emission.
To better analyze the luminescence enhancement (or quenching)
phenomena, all the intensity peaks were picked up, and the ratios be-
tween the intensity peak with NP and without NP (Iλ) of some deter-
mined wavelength, have been reported in Table 1. They provide anTable 1
Photoluminescence relative intensities (Iλ) as a function of annealing time for G-SNPs
and G-GNPs samples, and Rayleigh scattering Q scatt(Ray), internal quantum efﬁciency η0,
coupling efﬁciency ηLSPR, relative intensities (IT/Ip) and size D, for both type of samples.
Sample G-SNPs- G-GNPs-
Annealing time (h) 2.5 5.0 7.5 10.0 2.5 5.0 7.5 10.0
Iλ=1550±10 nm 1.2 1.1 1.3 1.3 0.5 0.8 0.4 0.5
Iλ=800±2 nm 0.6 0.5 0.7 0.9 26.3 30.3 67.7 43.3
λ(nm), Q scatt(Ray), D(nm) 800, 215.6, 20.5 800, 80387.1, 1.1
η0, ηLSPR, IT/Ip 0.30, 0.075, 1.3 0.33, 0.050, 67.3
λ(nm), Q scatt(Ray), D(nm) 498, 89.7, 20.5 498, 31150.5, 1.1
η0, ηLSPR, IT/Ip 0.30, 0.085, 1.1 0.33, 0.050, 26.7
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the luminescence quenching (b1) observed for the glass samples.
5.2. Nanoparticles growth
The NPs growth occurs when the glass is annealed at 300 °C
(above Tg=285±3° C), and the glass viscosity is sufﬁcient to pro-
mote the Ag0 or Au0 diffusion. Thus, different annealing times gener-
ate different NPs sizes dispersed throughout the sample vitreous
matrix, as observed in the insets of Fig. 4. A possible reason for the dif-
ferent values of D reported in Table 1 is the different mobility of Au0
and Ag0. The XRD analysis shows a complete reduction of Ag+ to Ag0
with annealing, without any formation of silver oxides, such as Ag2O
(Ag+), Ag2O3 (Ag3+), or AgO (Ag2+), Fig. 4(a). The XRD spectra for
the G-GNPs samples also indicate the complete reduction of Au3+
to Au0 without any formation of gold oxide Au2O (Au+) or Au2O3
(Au3+), Fig. 4(b). The Ag+ and Au3+ ions are formed during the
melting process and both the NPs growth and the thermal reduction
Ag++e−→Ag0/Au3++3e−→Au0 occur during the glass annealing
at 300 °C (above Tg), when the glass viscosity is sufﬁcient to promote
the Ag0/Au0 diffusion.
5.3. Inﬂuence of the nanoparticles on the lifetime of the level 4I13/2 and
radiation decay
Another effect produced by the presence of NPs is the decrease
(for G-SNPs) or the increase (for G-GNPs) of the lifetime of the level
4I13/2, with λpump=325 nm and λpump=980 nm, respectively, as
shown in Fig. 5. This is related to: (i) the total spontaneous emis-
sion probability, which is affected by the decrease or increase of
the absorption cross section due to the presence of NPs, resulting in
a lifetime decrease or increase; and (ii) the decrease (for G-SNPs,
Ref. [6]) or increase (for G-GNPs) of the radiative decay rate ΓR due
to the presence of the NPs with a large or little γ, respectively. In
this way, the G-GNPs samples exhibit longer lifetime in comparison
with the glass without GNPs when pumped at 980 nm, and the G-
SNPs samples have shorter lifetime in comparison with the glass
without SNPs when pumped at 325 nm. The obtained lifetime values
suggest the possibility for using this glass system for the fabrication of
optical devices in small dimensions for high ampliﬁcation efﬁciency
[25].
Fig. 6 shows the η⊥ and η∥ for the radiation decay as a function of r
and the excitation wavelength (490 and 800 nm); the theoretical
curves have been calculated from Eqs. (2) and (3). The formation of
the electric dipole (l=1) is more favorable than the other conﬁgura-
tions (quadruple or octupole have more probability of luminescence
quenching), as was illustrated in Fig. 1, and veriﬁed in the photolu-
minescence spectra of Fig. 3(a) and (b). From Eq. (5), we assume
that the coupling of the NPs occurs via radiative transitions of Er3+
ions (λ=498, 790 and 800 nm), i.e. I1ηLSPR (Fig. 1) is consistent with:
4S3/2→ 4I15/2 (~530 nm), 2H11/2→ 4I13/2 (~800 nm) and 4S3/2→ 4I13/2
(~820 nm) transitions of the Er3+ ions. Consequently, an energy
transfer from the emitter dipole activates the NPs receiver (0.050≤
ηLSPR≤0.085), close to the resonance modes. Then, the NPs act as a
transmitter (η0I2) and through an electric dipole coupling — 0.30≤
η0≤0.33 — (Fig. 1) will enhance (or diminish) the local electric
ﬁeld, altering the photoluminescence. From these values of ηLSPR
and η0 and considering Ip=1, we obtain IT/Ip={1.1, 1.3} for the emis-
sion at 1550 nm, and Iλ=1550_nm={0.9, 1.2} for the G-SNPs samples [6].
Following this reasoning, we obtain IT/Ip={26.7, 67.3} for the emis-
sion at 800 nm. From Fig. 3(b), Iλ=800_nm={26.3, 67.7} for the G-
GNPs samples, indicating an excellent theoretical–experimental
agreement.
From the results presented in Fig. 6, the quantum yield of the
tangential and radial components: (i) for SNPs, 22.5% and 38.8%,
respectively; and (ii) for GNPs, 53.3% and 62.8%, respectively, inagreement with the obtained values of Iλ=1550 nm and IT/Ip for
the G-SNPs samples and, Iλ=800 nm and IT/Ip for the G-GNPs sam-
ples, see Table 1. Likewise, there is an ideal size (22 and 1 nm aver-
age size measured from the TEM images, inset of Fig. 4(a) for G-
SNPs and Fig. 4(b) for G-GNPs) to enhance the photoluminescence,
this is due to scattering dependence with the NPs size.
6. Conclusions
In summary, metallic nanoparticles have been embedded into a
tellurite glass network, induce the formation of electric dipoles acti-
vated by the radiative transitions of Er3+ ions, forming LSPR via
energy transfer. In this matrix, the LSPR of GNPs is located around
800 nm and generates a maximum luminescence enhancement
(more than 75 times) in the range from 800 to 840 nm when excited
at 980 nm, corresponding to the transitions 2H11/2→ 4I13/2 (805 nm)
and 4S3/2→ 4I13/2 (840 nm) for the G-GNPs-7.5 sample. The LSPR of
SNPs is located around 490 nm, and allows a maximum lumines-
cence enhancement for the G-SNPs-(2.5 and 5.0) samples in the
optical telecommunication band when pumped at 980 nm. The NPs
embedded in the tellurite glass are responsible for the changes in
the energy of the Er3+ Stark levels, causing modiﬁcations in the selec-
tion rules. Besides, the coupling between Er3+:NP (emitter–receiver/
transmitter) yields reasonable luminescence enhancement by modify-
ing the local electric ﬁeld via an electric dipole coupling. Such coupling
strongly depends on the size and shape of the NPs and, also on the ex-
citation wavelength. In contrast, the increase or decrease of the 4I13/2
lifetime corroborates that an energy transfer from the NPs to the Er3+
ions occurs, improving the photon emission rate from this level. This
signiﬁcant luminescence enhancementwas further conﬁrmed by simu-
lations, in agreement with the experiments.
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